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ABSTRACT 

We have identified two moderately bright, rapidly variable transients in new and archival X-ray 
data near the Galactic center. Both objects show strong, flaring variability on timescales of tens to 
thousands of seconds, evidence of Nh variability, and hard spectra. XMMU J174445. 5-295044 is seen 
at 2-10 keV fluxes of 3 x 10 -11 to < 10 -12 ergs cm -2 s _1 , with Nh at or above 5 x 10 22 cm -2 , by 
XMM, Chandra, and Suzaku. A likely 2MASS counterpart with Ks = 10.2 shows colors indicative of a 
late-type star. CXOU J174042.0-280724 is a likely counterpart to the fast hard transient IGR J17407- 
2808. Chandra observations find Fx (2-10 keV)~ 10 -12 ergs cm -2 s _1 , with large Nh variations (from 
2 x 10 22 to > 2 x 10 23 cm" 2 ). No 2MASS counterpart is visible, to K s > 13. XMMU J174445.5-295044 
seems likely to be a new symbiotic star or symbiotic X-ray binary, while CXOU J174042. 0-280724 is 
more mysterious, likely an unusual low-mass X-ray binary. 
Subject headings: binaries : X-rays — stars: neutron 



1. INTRODUCTION 

The wide field of view, sensitivity to hard X-rays, and 
program focused on the Galactic Plane of the INTE- 
GRAL IBIS telescope has unveiled new kind s of hard 
X-ray transient behavior (|Sguera et al.l [2005). Many 
of these systems are high-mass X-ray binaries contain- 
ing neutron stars (NSs), either eccentric Be systems 
where the NS feeds from an excret ion disk, or su- 
pergi ant fast X-ray transient systems (Ne gueruela et al.l 
1 20061) where the NS feeds fro m a (clumpy) stellar wind 
([Walter Zurita-Herasl l2QQ7h - A number of new IN- 
TEGRAL sources have now been identified with super- 
giant fast X-ray transients, showing rapid flaring behav- 
ior and variable N h, and in some cases (slow) pulsation s 
(jPatel et alJl2Q()5 IWalter et al.ll2006l : iChatv et al.ll2008h . 

However, some rapidly variable X-ray transient behav- 
ior may be produced by other systems, su ch as symbi- 
otic s tars (with white dwarf accretors, e.g. ISmith et al.l 
l2Q08h . symbi otic X-ray binaries (with neutron star ac- 
cretors, e.g. iMasetti et al.l l2007f). some u nusual black 
hole X-ray binaries din ? t Zand et aI1l2000D. or m agne- 
tars (jCastro-Tirado et aD 120081 : IStefanescu et al.l l2008h . 
Identifying the optical/infrared counterparts of rapidly 
variable X-ray transients is important for understanding 
these systems, and requires accurate positions from fo- 
cusing X-ray instruments. 

The INTEGRAL hard X- ray source IGR J 17407 - 
2808 was first identified by iKretschmar et all (|2004f ) 
as a hard X-ray flaring source, posit ionally consistent 
with the faint ROSAT source 2RXP J174040.9-280852. 
LSguera et all (|2006l ) described the X -ray activity as three 
fast (few minute timescale) bright (up to 0.8 Crab) flares, 
and refined the position to a 1.7' radius. A 23 keV 
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bremsstrahlung m odel was an accepta ble fit to the 20- 
60 keV spectrum. ISguera et ail (j2QQ6h noted that IGR 
J17407-2808's outburst was unusually strong and brief 
compared to known supergiant fast X-ray transients, and 
refrained from ruling out alternative interpretations. 

We have identified two spectrally hard, rapidly vari- 
able, X-ray transients in archival Chandra, XMM- 
Newton, and Suzaku data near the Galactic Center. Our 
likely counterpart to the INTEGRAL IBIS fast transient 
IGR J17407-2808 detected in 2004, CXOU J174042.0- 
280724, showed strong flaring activity in early 2007. X- 
ray transient behavior has not been previously identified 
from the other, XMMU J174445. 5-295044, for which we 
identify hard X-ray flaring in late 2006 and early 2007. 

2. XMMU J174445.5-295044 
2.1. Data 

We observed the supernova remnant G359. 1-0.5 on 
Sept. 24, 2006 (Obsld 0400340101) for 42 ksec with 
XMM's EPIC camera, using two MOS CCD detectors 
£ru rner et al . 2001) wit h med ium filters and one pn CCD 
detector (jStriider et al]l200l[ ) with a thin filter. (The 
time resolution was 2.6 s for the MOS cameras and 73.4 
ms for the pn camera.) All data were reduced using 
HEASOFT 6.5 5 and SAS version 8.0.0 6 . The data were 
moderately affected by soft proton flares. For spectral 
analysis, we chose a compromise between retaining pho- 
ton statistics and excluding background, using limiting 
0.2-10 keV rates of 5, 6, and 40 counts/s for MOS1, 
MOS2, and pn cameras (respectively). This left 25.0, 
26.2 and 23.4 kiloseconds of time for the MOS1, MOS2, 
and pn cameras. We excluded event grades higher than 
12 for MOS, and higher than 4 for the pn. The brightest 
point source was so much brighter than the background 
that all data could be used to produce lightcurves (see 
below) . 

We used Chandra archival ObsIDs 658, 2278, 2289 (all 
with the ACIS-I imaging CCD array), and 2714 (using 
the HRC-I high resolution camera). The data were re- 

5 http:/ /heasarc. gsfc.nasa.gov/docs/software/lheasoft 

6 http://xmm2.esac.esa.int/sas/ 
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Fig. 1. Upper panel: Spectra of XMMU J174445. 5-295044 
from 2006, with XMM EPIC pn (top) and MOS (below; red online), 
fit with an absorbed powerlaw (Table 2). Lower panel: residuals 
to the fit. 

duced with CIAO 4.1 and CALDB 4.1, following stan- 
dard data analysis threads 7 . We used archival XIS data 
from Suzaku ObsID 501056010, reduced following the 
Suzaku Data Reduction Guide 8 . We used the cleaned 
event files in the HE AS ARC archive, extracted spectra 
and backgrounds with XSELECT 9 , and produced re- 
sponse files with the xisresp task. Finally, we included 
archival XMM data from three previous observations of 
IE 1740.7-2942, in 2001, 2003, and 2005. These observa- 
tions were conducted with the pn camera in timing mode, 
so only the MOS detectors were useful for our imaging. 
We performed standard filtering, as discussed above. All 
of these data are described in Table 1. 

2.2. Discovery of XMMU J174445. 5-295044 

XMMU J174445. 5-295044 is the brightest point source 
in the 2006 XMM data. We extracted its spectrum (from 
the data with high background excluded) and lightcurve 
(from the full dataset) from 20 " circles, with background 
regions nearby on the same chip. 

XMMU J174445. 5-295044 shows a very hard absorbed 
spectrum (Fig. [TJ Table 2), indicating it is not a nearby 
coronal source. A power-law fit to the pn and combined 
MOS data is acceptable, and finds an intrinsically hard 



spectrum (r = 1.18_ ' 07 ) with substantial extinction 
(N H = 8.6 ± 0.4 x 10 22 cm -2 ). The spectrum is ap- 
parently featureless, with limits on the equivalent width 
of Fe lines at 6.4 and 6.7 keV at 26 and 9 eV respectively. 
Its average unabsorbed 2-10 keV X-ray luminosity would 
be 1.7 x 10 35 ergs s -1 if it were located at an 8 kpc dis- 
tance. 

We produced barycentered lightcurves for XMMU 
J174445. 5-295044, and found strong flaring on timescales 
of hundreds of seconds (Fig. [2]). The hardness of the 
spectrum does not vary strongly, indicating that the flar- 
ing is intrinsic and not due to varying Nu- Power spec- 
tra, with a binning timescale of 0.4 seconds, did not pro- 
duce clear evidence of any periodicity, only red noise (rms 
variability of 24%, from 2 x 10~ 4 to 0.1 Hz). 

7 http://cxc.harvard.edu/ciao/threads 

8 http:/ /heasarc. gsfc.nasa.gov/docs/suzaku/analysis/abc/ 

9 http://heasarc.gsfc.nasa.gov/docs/software/ftools 



03 

DC 



XMMU J174445.5-295044 
XMM, 2006 



J 




30 40 



Fig. 2. 2006 XMM pn background-subtracted 1.5-9 keV 
lightcurve of XMMU J174445. 5-295044, binned at 100s resolution. 
Below it (in red online), we plot the background (appropriately 
scaled) extracted from a nearby region on the same chip. 
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Fig. 3. Images in 2MASS K band (left) and GLIMPSE 4.5 mi- 
cron band (right) of the XMMU J174445. 5-295044 field. Generous 
4" error circles are plotted around the XMM position, containing 
only one possible counterpart. 

We use an error radius of 2" 10 for comparing the 
XMM position with accura te optical /IR c atalog s (though 
we note that others, e.g. I Walter et al.l ([2006), tend to 
use 4"). A potential 2MASS 11 counterpart (2MASS 
J17444541-2950446) is only 1.78 " from the XMM po- 
sition, with 1^=10.2 and J - K s =4,.7 (Fig. El Tables 3, 
4). Only 12 2MASS stars with magnitude K s < 10.2 lie 
within 50 " of XMMU J174445.5-295044, indicating that 
the probability of finding a star of this brightness within 
2 "(our search radius) is only 2%. Thus, the 2MASS star 
is the likely counterpart of XMMU J174445.5-295044. 

Since intrinsic J — K colors range from -0.2 for O stars 
to 1.2 for M giants, E(J-K) must be within 3.5 to 4.9. 
For standard interstellar reddening laws, Ay =20 to 28, 
and N H = 3.6 x 10 22 to 5 x 10 22 cm" 2 . These values 
suggest that if this star is the true counterpart, the X- 
rays probably suffer addit ional local absorption. 

We use the system of iNegueruela fc Schurchl (|2007l ) 
to compare the near-IR colors of the 2MASS counter- 



10 X MM-SOC-CAL-TN-0018, from [ http: //xmm.esac.esa.int| 

11 see http://irsa.ipac.caltech.edu/ 
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Fig. 4. — 1.5-6 keV images of all 6 observations with detections 
or marginal detections of XMMU J174445. 5-295044. All images are 
on the same scale (dimensions 6.3' by 8.7'), though the binning and 
stretch vary. Two observations (July 2001 and Sept. 2003) have 
been smoothed to more clearly identify XMMU J174445. 5-295044. 
The Sept. 2003 MOS observation is only at best a marginal detec- 
tion. Note that four of the observations place XMMU J174445.5- 
295044 near or at the edge of the detector. 

part with those expected for hi g h-mas s X-ray binaries. 
Following IComeron fc Pasqualil (|2QQ5l ). we define the 
reddening- free parameter Q = (J — H) — 1.70(H — Ks). 
Supergiants should have Ks < 11 and Q < 0.2, Be stars 
should have Ks < 12 and Q < 0, and typical late- type 
stars have Q - 0.5. We find Q = 0.81 for the 2MASS 
counterpart, which is redder than expected even for late- 
type stars. 

2.3. XMMU J174445. 5-295044 at lower fluxes 

The location of XMMU J174445.5-295044 (7=359.13, 
6=-0.31), at the e dge of the Chandr a wide Galactic Cen- 
ter survey field (|Wang et al.l l2QQ2h . and within 15' of 
the LMXB IE 1740.7-2942, has been observed numer- 
ous times by X-ray satellites. We have searched the 
HEASARC archive 12 for detections or constraining up- 
per limits. We report here archival detections of XMMU 
J174445. 5-295044 at lower fluxes by Suzaku, XMM, and 
Chandra, and upper limits from Chandra and XMM (Ta- 
ble 2, Fig. HJ). Observations by ROSAT, ASCA, EX- 
OS AT, and Einstein do not detect it, but the upper lim- 
its are not particularly constraining, so we do not discuss 
those observations further. 

XMMU J174445. 5-295044 is consi stent with the po - 
sition of CXOGC J174445.5-295042 (|Muno et alJl2QQ6h , 
seen in Chandra ObsID 2278. (The Chandra position is 
at the edge of a chip, so its positional uncertainty of 2.8" , 
while consistent with XMMU J174445. 5-295044, may not 
be fully trustworthy.) We have attempted spectral fitting 
to an absorbed power-law and absorbed bremsstrahlung 
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Fig. 5. Chandra spectrum of XMMU J174445.5-295044, from 
2000 data (ObsID 658), fitted with an absorbed powerlaw model 
(Table 2). 

spectrum, using the unbinned data and the C statistic 
(Table 2). Testing the acceptability of a C-statistic fit 
is done through Monte Carlo simulations (we use 1000) 
of the model. The percentage of those simulations hav- 
ing a larger C-statistic than the data is reported as the 
'goodness'; a high value (e.g. 95%) indicates a poor fit. 
Its 10-count detection at the very edge of the chip makes 
conclusions tentative. 

A second Chandra ACIS-I observation (ObsID 658) 
identifies XMMU J174445.5-295044 on the off-axis S2 
chip, with over 100 counts. We extracted a spectrum 
(binning the data with 10 counts/bin) and a lightcurve 
with 200s bins. Chi-square and KS tests found no evi- 
dence of variability in the lightcurve. We fit the spectrum 
(Fig. [5]) with absorbed power-law and bremsstrahlung 
models (Table 2). Fitting the unbinned data with the 
C-statistic gave similar results (within the errors). 

A third Chandra ACIS-I observation (ObsID 2289) did 
not detect XMMU J174445. 5-295044, at the extreme cor- 
ner of the off-axis S2 chip. Neither did a Chandra HRC- 
I observation where XMMU J174445. 5-295044 was far 
off-axis (ObsID 2714). To determine upper limits for 
nondetections of XMMU J174445. 5-295044 in this pa- 
per, we assume a spectrum similar to its faintest detec- 
tions; an absorbed power-law with photon index 2 and 
Nh — 10 23 cm -2 . We extract the number of photons in 
a circle corresponding to the 50% encircled energy radius 
for photons of 4.5 keV at XMMU J174445.5-295044's off- 
axis angle, using an energy range of 1.5-6 keV. Using a 
larger nearby background region free of sources, we com- 
pute the expected number of background photons in this 
circle, scale it to the sourc e region, and compute the 
90% confidence lower limit (|Gehrelsl[l9 86) on the num- 
ber of expected background photons in the source region. 
The upper limit on the source countrate is derived by 
subtracting this lower limit from the observed photons, 
accounting for the encircled energy fraction and the vi- 
gnetting of the telescope. Finally, we calculate flux upper 
limits using PIMMS 13 . 

A recently archived Suzaku observation (ObsID 
501056010, 2007) clearly detects XMMU J 1 74445 .5 - 
295044 in all three operational XIS ([Kovama et al.ll2007D 
cameras (due to source confusion in the Galactic Center, 

13 http:/ /asc. harvard.edu/toolkit/pimms.jsp 
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Fig. 6. Suzaku spectrum of XMMU J174445.5-295044, fitted 
with an absorbed powerlaw model (fit only above 2 keV). XIS1 
data (diagonal crosses, red online) are lower above 4 keV than the 
combined XISO and XIS3 data (boxes, black online). 
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Fig. 7. Suzaku combined XIS 1.5-6 keV lightcurve of XMMU 
J174445. 5-295044, using 500s bins. 

we do not consider the PIN data here) . We extract spec- 
tra from a 100 " region of the cleaned data, combining 
the spectra from XIS CCDs and 3, and binning the 
data at 40 photons/bin (Fig. [6]). The variations in ther- 
mal emission from the Galactic Center and large PSF 
of Suzaku make background subtraction difficult below 2 
keV. Since XMMU J174445.5-295044 shows little emis- 
sion below 2 keV, we choose to ignore data below 2 keV 
for spectral fitting. The flux is a factor of 5 lower than 
observed by XMM, with a softer spectrum, and slightly 
higher Nh- We created a lightcurve from all detectors, in 
the energy range 1.5-6 keV, at 16 s binning. Variability, 
suggesting continued flaring, is best seen at 500 s binning 
(Fig. E>. 

We retrieved three prior XMM observations of 
1E1740. 7-2942 from the archive (Table 1), taken in 2001, 
2003, and 2005. In each case, the pn camera was in tim- 
ing or small window mode, so we used only MOS data. 




Fig. 8. — Mosaic of five Chandra observations in the 0.5-7 
keV range, showi ng the larg e (gree n on line) error cir c les for IGR 
J17407-2808from [BncTeTaLl (12007) and ISguera et al.l (12006). and 
(red online) ellipses around detected sources. The candidate coun- 
terpart CXOU J174042. 0-280724 is indicated by two black ticks. 
The small thick (green online) error circle indicates the location 
of 2RXP J174040. 9-280852; note that no Chandra sources lie near 
it. SLX 1737-282 is the bright source producing a readout streak, 
near the bottom of the image. 

The 2001 and 2003 data were heavily affected by back- 
ground flaring, forcing us to use partly contaminated 
data. A combined MOS image of the 2001 data pro- 
duced only an upper limit on the existence of XMMU 
J174445. 5-295044. The 2005 data produced a clear de- 
tection of XMMU J174445.5-295044 (Fig. gj lower left), 
with a flux comparable to the Chandra detections (Table 
2). In the 2003 data, the position of XMMU J174445.5- 
295044 falls off the MOS2 chips, but lies on a MOS1 chip. 
Although the source is not detected with a blind detec- 
tion algorithm, our upper limit method described above 
calculates lll 4 "J counts (at 90% confidence). Thus we 
consider this as a marginal detection (see Fig. [H upper 
right). 

3. CXOU J174042.0-280724: AN INTEGRAL SOURCE? 

ISguera et all (|2QQ6h give the revised INTEGRAL 
error circle as R.A.=17 /l 40 m 40 s .08, decl.=-28 d 08 / 24^ / 
(J2000), with error radius of 1.7'. iBird et all (|2007f ) 
gives the error circle as 17^40 m 42 s , -28 d 12.1 / , with a 
4.2' error radius. The Galactic Bulge Latitude Survey 
(Grindlay et al., in prep.) covers both error circles thor- 
oughly, between 4 overlapping 15 ks ACIS-I observations. 
We downloaded these four observatio ns, plus the ACIS- 
S observation of iTomsick et al.l ([200 8). We searched for 
periods of enhanced background, but found none. We 
created a mosaic image in the 0.5-7 keV energy band 
(Fig. i). 

The mosaic image shows eighteen sources in one or the 
other of the two overlapping error circles. (Note that 
no Chandra source is visible in the error circle for the 
ROSAT source 2RXP J174040.9-280852.) The brightest 
of these sources, CXOU J174042.0-280724 (indicated), 
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Spectrum of CXOU J174042.0-280724 in Chandra 



ObsID 8202, fit with an absorbed bremsstrahlung spectrum 

shows marked flaring variability and a hard spectrum 
showing strong variations in absorption, which suggest 
that this source is the soft X-ray counterpart to IGR 
J17407-2808. None of the other sources within the IGR 
J 17407-2808 error circles show these behaviors, so we fo- 
cus on CXOU J174042.0-280724. (Tomsick et al. (2008) 
identify the brightest source visible in Fig. [8] as the low- 
mass X-ray binary SLX 1737-282, which is not a likely 
counterpart for IGR J17407-2808.) 

CXOU J174042.0-280724 is in the field of view of Ob- 
sIDs 8199, 8200 (on the edge of the chip), 8202, and 7526, 
all of which were observed between July 30 and August 
1, 2007 (Table 1). The count rate is much higher in Ob- 
sID 8202 than the others, by almost a factor of 10. None 
of these datasets showed background flaring, so we used 
all the data, and extracted spectra and lightcurves using 
CIAO tools. 

A power-law spectral fit of CXOU J174042.0-280724 in 
ObsID 8202 finds a hard, absorbed spectrum, with pho- 



^22 



cm 



ton index T = 0.9l£| and N H = 1.7t££ x 10 : 
(Table 5; Fig. [9]). A lightcurve (binned at 100 s) shows 
irregular sharp, short flares (Fig. ITOk). reaching at least 
100 times the lowest flux. No periodicities are detected 
in the overall power spectrum. Although the count rates 
between flares are low, there is some indication that part 
of the variability is due to variable absorption, as the 
emission is systematically softer during the brightest pe- 
riods (Fig. rro]h 

We test this by extracting spectra from bright and 
faint parts of ObsID 8202, and fitting the (ungrouped) 
spectra with an absorbed power-law model, with pho- 
ton index constrained between and 3. Our spectral 
fit to the brightest 220 seconds of the first flare finds 
N H = 0.8±J^ x 10 22 cm" 2 , and a 2-10 keV flux of 
F x = 8^2 x 10 -12 ergs cm -2 s _1 . (We note that there 
is no evidence for pileup in the spectrum or image of 
this flare, due to the source's off-axis location). This 
is still three orders of magnitude fainter than the peak 
INTEGRAL flux from IGR J17407-2808. A similar fit 
to the data below 0.04 counts/s (excluding the last 5 

ksec) gives N H = 2.0t 2 'g x 10 22 cm -2 , and a flux of 
-13 ™ 2 -i 
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Fig. 10. Top: Lightcurve of CXOU J174042.0-280724 in 
Chandra ObsID 8202, 0.5-7 keV, binned at 100 s resolution. Bot- 
tom: Hardness ratio of CXOU J174042. 0-280724 in ObsID 8202, 
4-8 keV counts over 1-4 keV counts, in 500 s bins. 



strongly supports intrinsic source variation, and does not 
prove Nh variations during ObsID 8202. 

CXOU J174042.0-280724's substantially smaller count 
rate in the other three observations is explained by com- 
parison of the spectra from ObsIDs 8199 and 8202. The 
spectrum observed in 8199 is substantially harder than 
that in 8202, showing a low-energy cutoff near 4 keV vs. 
1.5 keV (compare Fig. [9] vs. [TT]) . Fitting bremsstrahlung 
models to both spectra confirms that the Njj value 
changed dramatically between the two observations, from 
N H = 29tf x 10 22 cm- 2 to N H = 2.2t° j x 10 22 cm" 2 , 
while the unabsorbed 2-8 keV fluxes are consistent (Ta- 
ble 5). Thus the inter-observation variability may be 
ascribed entirely to varying Nh, although the flaring 
(present in ObsID 8199 also; Fig. |T2j) cannot. The re- 
maining two observations (ObsIDs 8200 and 7526) offer 
less information (in 8200 the source lies on a chip edge, 
while 7526 was a shorter observation), producing spectra 
which are poorly constrained. However, the spectrum 
from ObsID 8200 is as hard as that from 8199 (only 
3 of 27 photons are below 4 keV in ObsID 8200, com- 
pared to 7 of 63 in ObsID 8199), giving support to our 
explanation of the variability. The spectrum from Ob- 
sID 7526 is rather softer (7 of 19 counts below 4 keV), 
which might be due to intrinsic spectral evolution, or to 
Nh variations. Future observations could probe CXOU 
J174042.0-280724's spectral evolution. 

The best Chandra position for CXOU J174042.0- 
280724 is RA=17:40:42.05±0.01, Dec=-28:07:24.6±0.1. 
Without astrometric matching of nearby X-ray sources 
to other wavelengths, we must add a systematic uncer- 
tainty of 0.6" (90% conf.). We have searched for possi- 
ble counterparts in the 2MASS catalog, but the nearest 
star is 1.9" away, at a magnitude of 11.8. Based on the 
faintest 2MASS sources detected within 1', rough limits 
of J > 14 and Kg > 13 can be set for the error circle. 
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Fig. 11. Spectrum of CXOU J174042. 0-280724 in Chandra 
ObsID 8199, fit with an absorbed bremsstrahlung spectrum. Note 
the higher low-energy cutoff in comparison with Fig. [9] 
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Fig. 12. Lightcurve of CXOU J174042. 0-280724 in Chandra 
ObsID 8199, 0.5-7 keV, binned at 500s resolution. 

No counterparts exist in SIMBAD or the USNO catalog. 

4. DISCUSSION 

We show the fluxes, photon indices, and Nh measure- 
ments for XMMU J174445.5-295044 in Fig. [T3j Clearly 
XMMU J174445. 5-295044 spends most of its time at 
lower fluxes, below Fx = 3 x 10 -12 ergs cm 2 s _1 . The 
2006 XMM and 2007 Suzaku observations clearly show 
differences in photon index and Nh- The Chandra re- 
sults also suggest a softening of the intrinsic spectrum, 
and increased Nh, at lower fluxes. The variable absorp- 
tion and hard spectrum seem to rule out a coronal nature 
for the X-ray emission, suggesting an accreting compact 
object. 

The evidence of rapid variability on timescales of min- 
utes, the hard spectrum, and the intrinsic and vari- 
able absorption suggest a high-mas s X-ray binary na - 
ture for XMMU J174445.5-295044 ([White et al.l fl995h . 
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Fig. 13. — Fluxes, photon indices, and Nh measurements for 
XMMU J174445. 5-295044 from constrained (0.5 < T < 3.0) ab- 
sorbed power-law spectral fits to XMM, Chandra and Suzaku data 
over 8 years (see Table 2). 

However, the red colors of the infrared counterpart for 
XMMU J174445. 5-295044 are inconsistent with a high- 
mass X-ray binary nature, suggesting a red giant com- 
panion. The spectrum and variability are s imilar to those 
of, e.g., 4U 1954+31 (jMasetti et all 120071 ). suggesting a 
symbiotic X-ray binary nature. However, some symbi- 
otic stars also show har d spectra and rapid variability 
(jLuna fc Sokoloskill2007h . so a white dwarf accretor is 
also a viable explanation. We note that there are strong 
similarities between accretion from the clumpy stellar 
wind of high-mass stars vs. that from giant stars onto 
a compact object. Indeed, several INTEGRAL sources 
with X-ray properties similar to high-mass X-ray binaries 
have recently been identified as symbiotic X-ray binaries 
(iMasetti et al.l 120071 : iNespoli et all 120081 : iTomsick et all 
200l). 

The substantial extinction to XMMU J 174445. 5- 
295044's infrared counterpart suggests a distance of at 
least a kpc, and thus X-ray luminosities of > 10 32 
ergs s _1 in quiescence, and > 10 33 ergs s _1 at maxi- 
mum. The flux range and strong variability of XMMU 
J 174445. 5-295044 suggest it ma y fit into the category 
of very faint X-ray transie nts (|Wijnands et al.l 120061 : 
iDegenaar fc Wijnandsl 120081 ). although it may reach 
higher fluxes at other times. Inspection of the ASM and 
RXTE bulge scan data finds no evidence of outbursts 
from this source, with the bulge scan providing typical 
upper limits of 2-10 mCrab (C. Markwardt, priv. comm, 
2008; R. Remillard, priv. comm, 2008). Some of the 
other known very faint X-ray transients may be sym- 
biotic systems; this possibility might be ruled out with 
deep infrared observations. 

CXOU J174042.0-280724has a more mysterious nature 
than XMMU J174445. 5-295044, due to its lack of an op- 
tical counterpart. Even if it were not associated with 
IGR J17407-2808 (which we think it is), its varying Nh 
and rapid variability suggest accretion onto a compact 
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object. The high flux attained by IGR J17407-2808 indi- 
cates a neutron star or black hole nature. The distance 
to this source is unknown, as we do not have a mea- 
surement of the interstellar reddening, and at least some 
of the observed (variable) absorption must be intrinsic. 
This direction (/=0.12, 6=1 .35) is sufficien t ly red dened 
(N H up to 1.4 x 10 22 cm- 2 . lMarshall et all (|2QQ6D ) that 
interstellar reddening could explain the observed Nh in 
ObsID 8202, which has the lowest observed Nh value. 
The Ks limit implies Mk > —2.2 for a distance of 10 
kpc, excluding main sequence stars with spectral types 
earlier than Bl and giant stars with spectral types later 
than K2. At a distance of 15 kpc, these limits shift to 
excluding main sequence stars earlier than 09 and giants 
later than K4, while supergiants are ruled out for either 
distance. 

Some low - or intermediate-mass X-ray binaries, such as 
V4641 Sgr (jin't Zand et al.ll200d: iR evnivtsev et al.ll2002l: 
Chatv et all [2QQ3D or X TE J1901+014 (jSmith et all 



arasev et al. 2007), show rapid flaring similar to 



that seen from IGR J17407-2808. Alternatively, this ob- 
ject could be a Be- type binary at a distance over 10 kpc. 
We note that for a distance of 10 kpc, the peak INTE- 
GRAL flux corresponds to L x (20-60 keV)=l.l x 10 38 
ergs s _1 , suggesting a bolometric flux above the Edding- 
ton limit for a neutron star. 

Further studies of these mysterious sources are strongly 
encouraged to improve our understanding of their na- 
ture and of fast X-ray transient behavior. The most 
critical need is for deep optical and infrared imaging 
to search for CXOU J174042.0-280724's expected donor 
star. Spectroscopy of such an object (if possible) would 
be very valuable. Optical and/or infrared spectroscopy 
of XMMU J174445.5-295044's optical counterpart is also 
needed, to identify its spectral type and surface gravity 



and search for evidence of accretion. This will test the 
hypothesis presented here that XMMU J174445. 5-295044 
is a symbiotic system. If the distance can be constrained, 
the nature of the accreting object (white dwarf or neu- 
tron star?) may be determined. Additional X-ray ob- 
servations of both objects will also be useful to monitor 
their long-term activity, especially if CXOU J174042.0- 
280724 produces additional outbursts detectable by IN- 
TEGRAL. 
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TABLE 1 

X-ray observations of XMMU J174445. 5-295044 and CXOU J174042. 0-280724 



Mission /Instrument 


ObsID 


Date 


Exposure 


Notes 


XMMU J174445. 5-295044 


Chandra /ACIS-I 


658 


2000-08-30 


9235 




XMM/MOS 


0112971701 


2001-03-31 


7003 


Nondetection 


Chandra /ACIS-I 


2278 


2001-07-20 


11611 


At chip edge 


Chandra /ACIS-I 


2289 


2001-07-21 


11611 


Nondetection 


Chandra /HRC-I 


2714 


2002-03-02 


29709 


Nondetection 


XMM/MOS 


0144630101 


2003-09-11 


4477 


Marginal detection 


XMM/MOS 


0303210201 


2005-10-02 


21823 




XMM/MOS 


0400340101 


2006-09-24 


41028(25026) 


Source flaring 


XMM/pn 


0400340101 


2006-09-24 


35337(23378) 


Source flaring 


Suzaku/XIS 


501056010 


2007-03-13 


26545 


Variable 


CXOU J174042. 0-280724 


Chandra /ACIS-I 


8199 


2007-07-30, 01:31 


14682 


Source flaring 


Chandra / ACIS-I 


8200 


2007-07-30, 05:57 


14566 


At chip edge 


Chandra /ACIS-I 


8202 


2007-07-30, 14:41 


14300 


Source flaring 


Chandra /ACIS-S 


7526 


2007-08-01, 13:04 


5108 





Note. — For ObsID 0400340101, we give the exposure with background flares removed in parentheses (these data are used for spectral 
analysis). 



TABLE 2 

Spectral fits to XMMU J174445. 5-295044 



Mission/Instrument ObsID Flux F N H X 2 /dof kT N H X 2 /dof 

ergs cm -2 s _1 10 22 cm -2 keV 10 22 cm -2 



-Power-law fit -Bremsstrahlung fit- 



Chandra /ACIS-I 


658 


1.6t£? x 10- 12 


3.0^°! 


15+g 


0.68/10 


1 K+ 5 -° 

J-S-i.o 


19^ 4 


0.57/10 


XMM/MOS 


0112971701 


< 3 x 10- 13 


U - D -0a 








lit? 




Chandra /ACIS-I 


2278 


2.St{'.l x 10 " 13 


146/15 5 


> 2.3 


146/85 b 


Chandra /ACIS-I 


2289 


< 5 x 10- 13 














Chandra /HRC-I 


2714 


< 1.6 x 10~ 12 














XMM/MOS 


0144630101 


1.3+°-3 x 10- 12 














XMM/MOS 


0303210201 


6^'x 10- 13 


-, Q + 1.2a 
1 - 8 -1.3a 


8t 9 5 


0.54/11 


> 1.8 


7.8^ 


0.54/11 


XMM/EPIC 


0400340101 


2.29 ±0.05 x KT 11 


,o + 0.08 
1-1«_ .07 


8.6i° j 


0.91/368 


> 126 


8 Q + 0.2 


0.92/368 


Suzaku/XIS 


501056010 


5.2t 2 -j x 10- 12 


9 A +0.6a 
Z - 4 -0.6 


16±S 


0.65/111 


6.6i^ 9 


i3.9l 3 3 ; 9 2 


0.66/111 



Note. — Photon indices are restricted to the physically reasonable range of 0.5 to 3. Fluxes are unabsorbed, for 2-10 keV, using best-fit 
absorbed power-law model, or a power-law spectrum with r = 2 and Nh = 1 X 10 23 cm -2 for upper limits. 
a : Error calculation reached hard limit. 

b : Used C-statistic, reporting C-statistic and "goodness" (see text) instead of x 2 and degrees of freedom. 



TABLE 3 

Positions of XMMU J174445. 5-295044, CXOU J174042.0-280724, and 
possible counterparts 



Name 


RA 


Dec 


A 


Notes 


XMMU J174445. 5-295044 
XMMU J174445.5-295044 
2MASS J17444541-2950446 


17:44:45.55 
17:44:45.54 
17:44:45.41 


-29:50:44.3 
-29:50:42.1 
29:50:44.6 


±2.0 a 
±2.8 b 
±0.07 a 


XMM pos. 
Muno+06 


CXOU J174042.0-280724 


17:40:42.05 


-28:07:24.6 


±0.6 b 


CXO pos. 



Note. — Positions of detected (X-ray or optical/IR) source and error. a : la error. 
b : 90% confidence error. 
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TABLE 4 

Magnitudes and Fluxes of 2MASS J17444541-2950446 



Band 


Magnitude 


Flux 


J 


14.89(5) 


1.77 


H 


11.62(4) 


23.1 


K S 


10.17(3) 


57.2 


3.6/im 


9.06(5) 


66(3) 


4.5/im 


8.87(5) 


51(2) 


5.8/mi 


8.67(4) 


40(2) 


8.0/xm 


8.67(5) 


22(1) 



Note. — Fluxes in mJy. Magnitudes from 2MASS and GLIMPSE. 



TABLE 5 



X-ray Spectra of CXOU J174042. 0-280724 


Mission/Instrument 


ObsID 


Flux 

ergs cm -2 s _1 


r 


N H 
10 22 cm- 2 


X 2 /dof 


kT 
keV 


N H 
10 22 cm~ 2 


X 2 /dof 








Power- law fit 






















— Bremsstrahlung 


;fit— 


Chandra /ACIS-I 
Chandra /ACIS-I 
Chandra /ACIS-I 
Chandra /ACIS-S 


8199 
8200 
8202 
7526 


7± 2 3 4 x 10- 13 
2.1+^g x 10 -12 
1.3+° : * x 10- 12 
1.7tJ;° x 10-13 


U - D -0a 
o+0a 
°-2.5a 

U - 8 -0.3a 

o 5 +0 - 6 


24+f 
48 + 24 

i.5l° :g 
2.8H:? 


1.5/3 
147/30 b 
1.23/16 
148/62 5 


> 2.4 

> 0.5 

> 25 

> 10 


29+f 

OO -20 
9 9 +0.5 
^' -0.3 

^•°-1.8 


1.7/3 
146/99 b 
1.39/16 
152/85 5 



Note. — Fluxes are unabsorbed, 2-10 keV, using best-fit absorbed powerlaw model (constraining photon index to range 0.5 to 3). 
a : Error calculation reached hard limit. 

b : Used C-statistic, reporting C-statistic value and "goodness" (see text) instead of x 2 and degrees of freedom. 



